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7KHH[DPSOHVLQWKHSUHVHQWSDSHUZKLFKGRQRWUHIHUWR%RVQLDQ+HU]HJRYLQLDQPHGLHYDOIRUWLILFDWLRQVRQO\DUHJLYHQWRLOOXVWUDWH
PHDQVDQGPHWKRGVRIDFWLYHSURWHFWLRQZKLOHWDNLQJLQWRDFFRXQWWKHLUH[LVWHQFHDVDZKROHDQGLQWKHFRQWH[WRIWKHLUKLVWRULFDO
YDOXH%\ DSSO\LQJ FRQWHPSRUDU\PHWKRGV WHFKQLFDO DQG DHVWKHWLF FKDUDFWHULVWLFV RI WKHPDWHULDOV LW LV SRVVLEOH WR WUDFN WKHLU
IXQFWLRQDODQGKLVWRULFDOHQGXUDQFHZKLOHH[SUHVVLQJWKHYDOXHRIWKHWLPHVLQZKLFKWKH\ZHUHFRQVWUXFWHGEXWDWWKHVDPHWLPH
UHYHDODYLVLRQIRUWKHIXWXUH7KHPHDQVPDWHULDOVDQGPHWKRGVIRUVWUHQJWKHQLQJVXFKVWUXFWXUHVPD\EHTXLWHGLIIHUHQWUDQJLQJ
IURPUROOHGSURILOHVVWHHOIL[LQJVWULSVDQGUHLQIRUFHGFRQFUHWHEORFNVWRVSHFLDOO\GHVLJQHGHOHPHQWVRIUHLQIRUFHGVWHHOWKHVR
FDOOHG

EDUV

PDGHRIODWWLFHGVWHHODQGVXLWDEOHIRUPDVVSURGXFWLRQ
,QWURGXFWLRQ
1XPHURXV PHGLHYDO IRUWLILFDWLRQV LQ %RVQLD+HU]HJRYLQD LH 

VWURQJKROGV

 ZLWQHVVLQJ WKH SDVW RI %RVQLD
+HU]HJRYLQDDUHLQDVWDWHRIGHWHULRUDWLRQODFNLQJFHLOLQJDQGURRIVWUXFWXUHVXVXDOO\PDGHRIZRRG6RPHRIWKHLU
FRPSRQHQWHOHPHQWVDUHQRZSDUWVRIRWKHUVWUXFWXUHVRUOD\LQRSHQDLUFOXWWHUHGZLWKZHHG7KH\HLWKHUVWDQGDV
XVHOHVVUXEEOHRUKDYHEHHQLQWHQWLRQDOO\QHJOHFWHGGXHWRUHVWULFWLRQVLQODZ$OWKRXJKPDQ\RIWKHVHIRUWLILFDWLRQV
ZHUH EXLOW PXFK EHIRUH WKH FLWLHV DURXQG WKHP GHYHORSHG WKH\ DUH RIWHQ DOVR H[SRVHG WR XUEDQL]DWLRQ IDFWRUV
&RQVLGHULQJWKHIDFWWKDWPRVWRIWKHVHIRUWLILFDWLRQVODFNURRIVWUXFWXUHVXVXDOO\PDGHRIZRRGWKHQHHGWRUHFRQVWUXFW
WKHLUURRIVWUXFWXUHVLVDSULRULW\,QVRPHFDVHVVRPHRIWKHHOHPHQWVRIWKHURRIVWUXFWXUHVKDYHEHHQUHSODFHGRUWKH
IRUWLILFDWLRQVZHUHSURWHFWHGDQGFRQVHUYHGLQWKHFRQGLWLRQLQZKLFKWKH\KDGEHHQIRXQG)URPWKHHFRQRPLFSRLQW
RIYLHZLWLVGLVSXWDEOHZKHWKHUWKHGDPDJHGZRRGVWUXFWXUHVQHHGWREHUHLQIRUFHG6LQFHZRRGLVDOLJKWPDWHULDO
ZKLFKLVHDV\WRLQFRUSRUDWHDQGPDQLSXODWHZLWKLWVHHPVWKDWWKHPRVWRSWLPDOSURFHGXUHZRXOGEHWRUHSODFHWKH
VWUXFWXUHVSUHFLVHO\EHFDXVHLWLVQRWGLIILFXOWWRXQORDGWKHP
7KHFRQWHPSRUDU\DSSURDFKWRSURWHFWLRQDQGUHKDELOLWDWLRQRIWKHVHKHULWDJHPRQXPHQWVLVEDVHGRQLQWHUSRODWLQJ


QHZ

 DUFKLWHFWXUDO HOHPHQWV RU H[WHQVLRQV ,Q WKH SURFHVV DQGPRVW FRPPRQO\ WKH DXWKHQWLF YDOXH DQG WUDFHVRI
KHULWDJHIRXQGLQPHGLHYDOVWUXFWXUHV6HH)LJXUHDUHSUHVHUYHGE\PHDQVRIXVLQJPHWKRGVRIFRQWUDVWVDQGDQ
DSSOLFDWLRQRIWUDQVSDUHQWVWUXFWXUHV7KHVHYDOXHVDUHLPSRUWDQWLQHPSRZHULQJOLIHDURXQGWKHPDVWKH\ZLWQHVVRI
WKH WLPHV SDVW DQG DUH DV VXFK WUDQVPLWWHG IURP WKH SUHVHQW WR IXWXUH JHQHUDWLRQV 6XUURXQGHG E\ WKH QDWXUDO
HQYLURQPHQW DQGKLGLQJ WKH FRPSOH[LW\ RI OD\HUV RIKLVWRU\ZLWKLQ WKH\ UHSUHVHQW DQ DXWKHQWLFPDQLIHVWDWLRQ DQG
LPSUHVVLRQRIWKHDPELHQFHDQGFRQVWUXFWLRQH[SHULHQFHV
&DXVHVRIGHWHULRUDWLRQ
5HVHDUFKXVXDOO\HQFRPSDVVHVWKHIROORZLQJH[DPLQDWLRQRIWKHORFDWLRQDQGKHULWDJHGRFXPHQWDWLRQKLVWRULFDO
SUHPLVHVWKHSK\VLFDODQGFXOWXUDOKLVWRULFDOKHULWDJHFRQWH[W&DXVHVRIGHWHULRUDWLRQDUHKXPLGLW\WKHDWPRVSKHUH
WKHVRLOZDWHUWHPSHUDWXUHHWF)DFWRUVFDXVLQJGHWHULRUDWLRQPD\EHFODVVLILHGLQWRWZRJURXSVWKHKXPDQIDFWRUDQG
HQYLURQPHQWDOIDFWRUV
7KHKXPDQIDFWRULPSOLHVLUUHVSRQVLEOHWUHDWPHQWDQGQHJOLJHQFHRIPHGLHYDOIRUWLILFDWLRQVLQJHQHUDODVZHOODV
WKHLUYHU\VWUXFWXUHVGHVWUR\LQJSDUWVRIWKHZDOOVRUUHPRYLQJSLHFHVRIWKHUXEEOHYDQGDOLVPZDUIDUHDQGILUH7KH
PRVWLQWHQVLYHGHWHULRUDWLRQRIIRUWLILFDWLRQVRFFXUVGXHWRSHRSOHQHJOHFWLQJWKHIRUWLILFDWLRQVDQGDOORZLQJWLPHWR
FRQVXPHWKHPZKLFKHYHQPRUHFRQWULEXWHV WR WKHLUGHWHULRUDWLRQDQGORVVRI WKHHOHPHQWVRI WKHRULJLQDOGHVLJQ
)DFWRUVIURPWKHHQYLURQPHQWSHUWDLQWRWKHLQIOXHQFHRIUDLQDQGZDWHUHURVLRQGXHWRZLQGWHPSHUDWXUHRVFLOODWLRQV
DQGIURVWPRYHPHQWVLQWKHORZHUSDUWRIWKHVWUXFWXUHGDPDJHVFDXVHGE\YHJHWDWLRQURGHQWVHWF
:RRGHQHOHPHQWVLQPDVRQU\VWUXFWXUHV
,QFRPSDULVRQWRPDVRQU\VWUXFWXUHVVWUXFWXUHVPDGHRIZRRGKDYHLQVPDOOQXPEHUVEHHQSUHVHUYHGXQWLOWRGD\
DQGSUHVHQWWUXHUDULWLHVSUHFLVHO\EHFDXVHRIWKHLUKLJKVHQVLELOLW\WRFKDQJHVLQPLFURFOLPDWH,QRWKHUZRUGVWKH
UHODWLYHKXPLGLW\DQGFRQGHQVDWLRQRFFXUVGXHWRDODFNRIYHQWLODWLRQDQGWKHSUHVHQFHRIKDUPIXOVXEVWDQFHVLQWKH
DLUDOORZVPRXOGWRHPHUJHDQGFDXVHVWKHZRRGWRURW&RQQHFWLRQVEHWZHHQWKHZRRGHQHOHPHQWVDUHDOVR]RQHVLQ
ZKLFKWKHGHWHULRUDWLRQSURFHVVHVPD\RFFXUHVSHFLDOO\LIWKHVHHOHPHQWVDUHORRVHRUWKHHOHPHQWVDUHFRQQHFWHGE\
VWLUUXSV,WLVDOVRSRVVLEOHWKDWLQWKHOLIHVSDQRIWKHVWUXFWXUHFHUWDLQPRGLILFDWLRQVRUDGGLWLRQVKDGEHHQLQWURGXFHG
EXWQRWGRFXPHQWHG
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3.1. Roof structure  
,Q PHGLHYDO IRUWLILFDWLRQV RI WKH %RVQLD+HU]HJRYLQD UHJLRQ WKHUH XVXDOO\ ZDV RQH GRPLQHHULQJ PXOWLVWRUH\
donjon WRZHUZKRVHFURVVVHFWLRQZDVPRVWFRPPRQO\URXQGDQGLQWKHODWHUSHULRGUHFWDQJXODU7KHUHZHUHDOVR
WRZHUVZLWKWULDQJXODUDQGRFWDJRQDOFURVVVHFWLRQV:LWKWKHH[SDQVLRQRIPHGLHYDOWRZQVWKHQXPEHURIWRZHUV
VXFKDVJDWHWRZHUVZHUHH[SDQGHGDVZHOO,QVRPHFDVHVQHZVXUURXQGLQJZDOOVLQFRQFHQWULFFLUFOHVZHUHDGGHG
IRUGHIHQFHSXUSRVHV,QWKDWZD\WKHWRZQZDVHQULFKHGZLWKQHZIXQFWLRQVDQGQHZIRUWLILHGFDVWOHVVXUURXQGHGE\
VWRQHZDOOVDQGWRZHUV
7KH URRI VWUXFWXUH RI IRUWLILFDWLRQV DQG WRZHUVZDV D VWHHSZRRG WHQWVKDSHG URRI FRYHUHGZLWK VKLQJOHV 7KH
FUHQHOODWLRQVZHUHDGGHGWRVHUYHGHIHQFHSXUSRVHV7KHWKLFNQHVVRIVWRQHdonjonWRZHUVZDOOVRQWRZKLFKWKHZRRGHQ
URRIVWUXFWXUHOHDQHGZDVEHWZHHQPDQGWKHLUKHLJKWZRXOGUHDFKP

D E 
)LJD7\SLFDOURRIVWUXFWXUHVRI%RVQLDQIRUWLILFDWLRQVE7RZHULQ3RþLWHOM>@
3.2. Elements of wooden underfloor structures  
:RRGHQURRIVWUXFWXUHVPDNHXSRQHZKROHZLWKIORRUDQGFHLOLQJVWUXFWXUHV7KHEDVLFHOHPHQWVRIZRRGHQFHLOLQJV
DUHZRRGHQEHDPVRUFHLOLQJJLUGHUV$GGLWLRQDOHOHPHQWVRIZRRGHQURRIVWUXFWXUHVDUHVPDOOHUEHDPVRUVFUHHGHU
ERDUGVRUILOOLQJVRIYDULRXVFRPSRVLWLRQDQGSXUSRVHGHSHQGLQJRQWKHSURSHUWLHVRIIORRUDQGFHLOLQJVWUXFWXUHV7KH
FHLOLQJJLUGHUVDUHEHDULQJEHDPVPDGHRITXDOLW\ZRRGILUWUHHSLQHDQGUDUHO\RDNZRRG7KHLUIXOOFURVVVHFWLRQ
LVUHFWDQJXODU2WKHUW\SHVRIEHDPVXVHGZHUHSODWHVDQGUDIWHUV
,QFRQVWUXFWLQJVWRQHZDOOVDQGGXULQJFRQVHUYDWLRQZRUNVWRSURWHFWIRUWLILFDWLRQVLQ%RVQLD+HU]HJRYLQDRQHPD\
HDVLO\QRWLFHDQGXQGHUVWDQGSDWWHUQVDQGPHWKRGVXVHGZKHQDSSO\LQJZRRGHQEHDPVhatulasLQVWHDGRIVWHHOEDUV
HatulasZHUHIRXQGLQYDULRXVGLPHQVLRQVDQGLQDOOZDOOVHYHQLQWKHOD\HUVRIGRXEOHVWRQHZDOOV$GLIIHUHQFHZDV
QRWLFHGHYHQLQWKHVL]HDQGVKDSHRIWKHhatulaFURVVVHFWLRQVLQZDOOVEXLOWLQGLIIHUHQWSHULRGVRIWLPH&UHYLFHVDQG
KROHVLQPRVWFDVHVLQGLFDWHWKDWLQWKHSDVWEHDPVXVHGWRVWDQGWKHUH
3ULQFLSOHVIRUWKHSUHVHUYDWLRQRIKLVWRULFWLPEHUVWUXFWXUHV$GRSWHGE\,&2026DWWKHWK
*HQHUDO$VVHPEO\LQ0H[LFR2FWREHU
)RUWKHSXUSRVHRIWKHSUHVHUYDWLRQRIWKHDERYHPHQWLRQHGVWUXFWXUHVWKHUHKDYHEHHQ3ULQFLSOHVDGRSWHG
x UHFRJQLVHWKHLPSRUWDQFHRIWLPEHUVWUXFWXUHVIURPDOOSHULRGVDVSDUWRIWKHFXOWXUDOKHULWDJHRIWKHZRUOG
x WDNHLQWRDFFRXQWWKHJUHDWGLYHUVLW\RIKLVWRULFWLPEHUVWUXFWXUHV
x WDNHLQWRDFFRXQWWKHYDULRXVVSHFLHVDQGTXDOLWLHVRIZRRGXVHGWREXLOGWKHP
x UHFRJQLVHWKHYXOQHUDELOLW\RIVWUXFWXUHVZKROO\RUSDUWLDOO\LQWLPEHUGXHWRPDWHULDOGHFD\DQGGHJUDGDWLRQLQ
YDU\LQJHQYLURQPHQWDODQGFOLPDWLFFRQGLWLRQVFDXVHGE\KXPLGLW\IOXFWXDWLRQVOLJKWIXQJDODQGLQVHFWDWWDFNV
ZHDUDQGWHDUILUHDQGRWKHUGLVDVWHUV
x UHFRJQLVHWKHLQFUHDVLQJVFDUFLW\RIKLVWRULFWLPEHUVWUXFWXUHVGXHWRYXOQHUDELOLW\PLVXVHDQGWKHORVVRIVNLOOV
DQGNQRZOHGJHRIWUDGLWLRQDOGHVLJQDQGFRQVWUXFWLRQWHFKQRORJ\
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x WDNHLQWRDFFRXQWWKHJUHDWYDULHW\RIDFWLRQVDQGWUHDWPHQWVUHTXLUHGIRUWKHSUHVHUYDWLRQDQGFRQVHUYDWLRQRI
WKHVHKHULWDJHUHVRXUFHV
x VWXG\WKH9HQLFH&KDUWHUWKH%XUUD&KDUWHUDQGLQIRUPDWLRQUHODWHG81(6&2DQGWKH,&2026GRFWULQHDQG
VHHNWRDSSO\WKHVHJHQHUDOSULQFLSOHVWRWKHSURWHFWLRQDQGSUHVHUYDWLRQRIKLVWRULFWLPEHUVWUXFWXUHV
4.1. Damages to the wooden structure  
'DPDJHV WR WKHZRRGHQVWUXFWXUHYDU\ IURPVXUIDFHGDPDJHV WRGDPDJHVFDXVLQJ WKHZRRG WR ORVH LWVEHDULQJ
IHDWXUHV ,W LV QRW XQFRPPRQ WKDW ZRRGHQ VWUXFWXUHV DUH EDGO\ FRQVWUXFWHG ZKLFK FDXVHV DQ XQIDYRXUDEOH ORDG
GLVWULEXWLRQDQGPD\EHKD]DUGRXVLQWHUPVRIVWDELOLW\,QFDVHRIVHULRXVGDPDJHVLWLVPRVWFRQYHQLHQWWRVLPSO\
UHSODFHWKHZKROHVWUXFWXUHE\DQHZRQH,QFDVHRIPLQRUGDPDJHVRUGDPDJHVLQKHULWDJHVWUXFWXUHVRQO\FHUWDLQ
HOHPHQWV DUH UHSODFHG 3URWHFWLRQ LV FRQGXFWHG E\ XVLQJ ELRFLGDO SURGXFWV IRU ERWK ROG DQG QHZ HOHPHQWV RI WKH
VWUXFWXUHLQFDVHVRIZRRGDWWDFNLQJLQVHFWV5HSODFHPHQWRIGDPDJHGSDUWVLVLQPRVWFDVHVDFRPSOLFDWHGSURFHGXUH
DVXVXDOO\WKHPRVWGDPDJHGSDUWVDUHWKHPRVWORDGHGRQHVDQGWKHOHDVWDFFHVVLEOHUHTXLULQJSURIHVVLRQDODQGFRUUHFW
UHLQIRUFHPHQWRIWKHUHPDLQLQJSDUWVRIWKHVWUXFWXUHDORQJZLWKDGHWDLOHGGHVLJQFRQGXFWHGE\DTXDOLW\FRQWUDFWRU
4.2. Repair by means of reinforcement  
)LQGLQJ WHFKQLFDO VROXWLRQV IRU WKH UHSDLU RI WKH FRQVWUXFWLRQ LV D PRUH FRPSOH[ DQGPRUH GHOLFDWH WDVN WKDQ
GHVLJQLQJ D QHZ VWUXFWXUH DV XVXDOO\ VRPH RI WKH HVVHQWLDO HOHPHQWV RI WKH VWUXFWXUH PD\ QRW EH NQRZQ EHIRUH
LQWHUYHQWLRQLVFRQGXFWHGDVLWLVRQO\DIWHUWKHSURFHVVKDVEHHQVWDUWHGWKDWWKHXQNQRZQLVEHLQJUHYHDOHGRQWKHVSRW
7KHVHOHFWLRQFULWHULDKDYHWREHPDGHQRWRQO\E\PHDQVRIFRQVWUXFWLYHHIILFLHQF\DQGUDWLRQDOVROXWLRQVEXWDOVRE\
DSSO\LQJWHFKQLTXHVDQGWHFKQRORJLHVXVHGZKHQWKHVWUXFWXUHZDVGHVLJQHGZKLOHDW WKHVDPHWLPHSUHVHUYLQJWKH
RULJLQDOFRQFHSW7KLVDVSHFWKDVWREHSUHVHQWLQHDFKSURMHFWRQKHULWDJHSURWHFWLRQDQGSUHVHUYDWLRQ7KHGHFLVLRQ
RQKRZWRVROYHWKHSUREOHPVUHJDUGLQJUHSDLUDQGUHFRQVWUXFWLRQSULPDULO\GHSHQGRQWKHVHLVPLF]RQHDQGORFDWLRQ
RI WKH VWUXFWXUH WKH W\SHDQGGHJUHHRIGDPDJH WKH WLPH OHIW IRU LQWHUYHQWLRQ WKHHTXLSPHQW DQG WRROV DYDLODEOH
HFRQRPLFFULWHULDDQGWKHOHYHORIVDIHW\UHTXLUHG0HDVXUHVXQGHUWDNHQZLWKWKHDLPRIHDUWKTXDNHSURWHFWLRQLPSO\
LPSURYLQJSURSHUWLHVRIWKHPDWHULDOVXVHGHJLQMHFWLRQUHLQIRUFLQJLQGLYLGXDOHOHPHQWVRIWKHVWUXFWXUHVWLIIHQLQJ
WKHIRXQGDWLRQVDQGOLPLWLQJPRYHPHQW


)LJ,QWURGXFLQJDGGLWLRQDOEHDPVWRWKHH[LVWLQJRQHVDQGUHLQIRUFLQJWKHP
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4.3. Reinforcing wooden bearings  
,QFDVHVRIPLQRUGDPDJHVEHDPVDUHUHLQIRUFHGE\PHDQVRIVWLIIHQLQJJLUGHUVRQWKHVLGHV+RZHYHUWKLVHQKDQFHV
WKHEHDULQJORDGZKLFKUHTXLUHVPRUHUHLQIRUFHPHQWRQWKHZDOOZKLFKFDXVHVLWVFURVVVHFWLRQWRH[SDQG$QRWKHU
RSWLRQLVWRUHLQIRUFHWKHPDLQEHDPE\PHDQVRIUROOHGSURILOHV
'DPDJHGEHDPVLQVRPHFDVHVDUHQRWUHSODFHGEXWDUHFRQQHFWHGZLWKGRZHOVWRQHZDGGLWLRQDOEHDPVLQRUGHU
WRIRUWKHVRIILWWRUHPDLQXQGDPDJHG:KLOHFRQGXFWLQJWKHVHLQWHUYHQWLRQVDOOWKHGDPDJHGSDUWVRIWKHEHDPDUH
UHPRYHGDQGWKHQWKHEHDPLVILOOHGZLWKDUWLILFLDOUHVLQ7KHZKROHEHDPLVWKHQFRDWHGZLWKDSURWHFWLYHOD\HU
,QRUGHUWRHQKDQFHWKHEHDULQJFDSDFLW\RULQFDVHVWKHKHDGRIWKHZRRGHQEHDPVLVGDPDJHGRQHPD\DSSO\WKH
SRO\PHUFKHPLFDOUHSDLUWUHDWPHQWZKLFKLPSOLHVWKDWWKHKHDOWK\SDUWRIWKHZRRGLVDGGHGKROHVWKURXJKZKLFK)53
VWHHOURGVDUHDSSOLHG7KHZKROHZRRGHQEHDPKHDGLVWKHQPDGHRIPRUWDURQWKHEDVLVRIHSR[\UHVLQLWLVSUHVVHG
)RUDEHWWHUMRLQLQJRIZRRGDQGPRUWDUMRLQLQJHOHPHQWVPDGHRIVWHHORUZRRGDUHQDLOHGLQWRWKHZRRGDQGPRUWDU
LVSRXUHGRYHU


)LJ3RO\PHUFKHPLFDOVDQDWLRQRIFHLOLQJEHDPV
,QFDVHRIVXUIDFHGDPDJHVRIEHDPVLWLVSRVVLEOHWRLQMHFWWKHEHDPZLWKDPL[WXUHRIHSR[\UHVLQDIWHUWKHGDPDJHG
SDUWVRIWKHZRRGHQEHDPKDYHEHHQUHPRYHG,IWKHZKROHFHLOLQJVWUXFWXUHPHHWVWKHUHTXLUHPHQWVRQORDGVRPH
SDUWVPD\VWLOOEHGDPDJHGWRWKHDGGLWLRQRISDUWLWLRQZDOOVRUGXHWRGDPDJHGEHDPV,QVXFKFDVHVFPWKLFN
FRQFUHWHVODELVDGGHG,WVUROHLVWRWUDQVIHUORDGLILWLVSRVVLEOHDOLJKWHUFRQFUHWHVKRXOGEHXVHG,QFDVHVWKHVH
SDQHOVDUHMRLQHGWRZRRGHQEHDPVLQWKHZD\WKDWQROD\HUVDUHUHPRYHGDQGWKDWWKHFRQFUHWHSDQHOLVORDGHGZLWK
WHQVLOHIRUFHVDQGWKHEHDPVZLWKWHQVLRQIRUFHVZKDWLVFRQVWUXFWHGLVWKHWHQVLRQHGFHLOLQJVWUXFWXUH7KHILQDOVWDJH
RI UHLQIRUFLQJ WKH H[LVWLQJ URRI VWUXFWXUHV LV FRQVWUXFWLQJ D VHOIEHDULQJ VWHHOFRQFUHWHSDQHO WRZKLFK WKH H[LVWLQJ
FHLOLQJVHUYHVRQO\DVDFDVLQJ7KLVPHWKRGLVXVHGHVSHFLDOO\ZKHQFRQVWUXFWLQJWKHJDUUHWLQRUGHUWRKDYHDYDULHW\
RIFKRLFHVIRULQWURGXFLQJZDOOVLQWKHJDUUHWVWRUH\DQGLQRUGHUWRHQVXUHWKDWWKHUHVLGHQWVRQWKHIORRUEHORZDUHQRW
GLVWXUEHGE\QRLVH,QFDVHWKHURXQGZRRGHQEHDPVDUHKXQJRQWRWKH$%SDQHOWKHQWKLVPHWKRGLVSRVVLEOHWRDSSO\
HYHQLQGDPDJHGZRRGHQVWUXFWXUHVE\UHLQIRUFHGFRQFUHWLQJ
4.4. Reinforcing wooden structures  
7KHPRVWFRPPRQO\UHLQIRUFHGVWUXFWXUHHOHPHQWVDUHWKRVHPDGHRIZRRGZKHQLWLVH[SHFWHGWKDWWKH\ZRXOGEH
H[SRVHGWREHQGLQJGXULQJH[SORLWDWLRQLHWKRVHHOHPHQWVLQZKRVHFURVVVHFWLRQVWHQVLOHDQGWHQVLRQIRUFHVZRXOG
RFFXU$VSHFLDODWWHQWLRQLVWREHSDLGWRWKHVWUDLQHG]RQHZKHUHEUHDNDJHDVDUXOHKDSSHQV$WWKHVDPHWLPHE\
UHLQIRUFLQJWKHVWUDLQHG]RQHWKHEHDULQJFDSDFLW\RIWKHJLUGHUH[SRVHGWREHQGLQJFDQEHVLJQLILFDQWO\HQKDQFHG,Q
WKDWZD\ LW LVSRVVLEOH WRGHOD\SODVWLILFDWLRQRI WKDW]RQH$SDUW IURPEHQGLQJ WZRRWKHUUHDVRQV IRU WKHQHHG WR
UHLQIRUFHWKHJLUGHUPD\EHJLYHQHQKDQFLQJWKHPRPHQWRIUHVLVWDQFHLQWKHFURVVVHFWLRQRUHQKDQFLQJWKHULJLGLW\
RIWKHFURVVVHFWLRQ(,7DNLQJLQWRFRQVLGHUDWLRQWKHPHFKDQLFDOSURSHUWLHVRIZRRGWKHUHDUHUHTXLUHPHQWVZKLFK
WKHPDWHULDOV XVHG IRU UHLQIRUFLQJ VKRXOG KDYH D KLJK GHJUHH RI HODVWLFLW\ D VXIILFLHQW GXFWLOLW\ RQ WKH YHUJH RI
EUHDNDJHDNQRZQSRLQWRIEUHDNDJHUHVLOLHQFHWRIDFWRUVIURPWKHHQYLURQPHQWHVSHFLDOO\KXPLGLW\HFRQRP\DQG
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WKHDELOLW\ WREHHDVLO\ LQFRUSRUDWHG IRUDTXDOLW\DGKHVLRQ WR WDNHSODFH7KHPRVWFRPPRQO\XVHGUHLQIRUFHPHQW
PDWHULDO LV WKHVRFDOOHGFRQFUHWHVWHHOLHUHLQIRUFHGVWHHOURGVDV LW LVDYHU\HFRQRPLFDODQGDYDLODEOHPDWHULDO
ZKLFKLVDOVRHDVLO\LQFRUSRUDWHGDQGHUHFWHGDQGZKLFKKDVEHHQXVHGIRUDORQJWLPHVXFFHVVIXOO\7KHEHVWTXDOLW\
PDWHULDO ZKLFK PHHWV DOPRVW DOO WKH UHTXLUHPHQWV LV WKH SURWHFWHG ZLUH PDGH RI D KLJKTXDOLW\ VWHHO 7KH PRVW
FRPPRQO\XVHGLVWKHPPJDXJHZLUHWKHKDUGQHVVRIZKLFKUDQJHVIURP03DWRHYHQ03DDQGZLWKWKH
HODVWLFLW\PRGXOHRI( ā03D+RZHYHUWKHUHZHUHVRPHDWWHPSWVDQGWKHLUUHDOL]DWLRQVHYHQZLWKRWKHU
PDWHULDOVDQGFRPELQDWLRQVVXFKDVHJILEUHJODVVXVLQJDOXPLQLXPVWULSVIRUUHLQIRUFHPHQWXVLQJSODVWLFVWULSVIRU
UHLQIRUFHPHQWHWF7KHVHYDULDQWVPRVWO\UHPDLQHGDVDWULDOVROXWLRQSULPDULO\GXHWRFRPPHUFLDOUHDVRQV)RUDOOWKH
UHDVRQVVWDWHGLWFDQEHFRQFOXGHGWKDWWKHSULQFLSOHRIUHLQIRUFLQJZRRGHQJLUGHUVKDVQRWEHHQDSSOLHGLQSUDFWLFHDV
PXFK7KHUHDVRQVIRUWKDWDUHQRWWREHIRXQGLQWKHZHDNQHVVHVRIWKHYHU\SULQFLSOHEXWUDWKHULQWKHFRVWRIWKH
SURGXFW+RZHYHUUHJDUGOHVVRIWKHVHUHDVRQVUHLQIRUFLQJZRRGHQJLUGHUVLVVXFFHVVIXOO\LPSOHPHQWHGWKRXJKWKLV
SUDFWLFH LV QRW PDVVLYHO\ RU VHULDOO\ DSSOLHG 7KLV SURFHGXUH KDV SURYHQ WR EH TXLWH HIILFLHQW ZKHQ LV FRPHV WR
VXEVHTXHQW UHLQIRUFHPHQWRI WKHDOUHDG\FRQVWUXFWHG VWUXFWXUHV)RU WKDWSXUSRVH D FRPPHUFLDOO\PRVW DFFHSWDEOH
VROXWLRQLVDSSOLHGUHLQIRUFHGFRQFUHWHVWHHORIYDULRXVFURVVVHFWLRQV,QWKDWFDVHVLPLODUO\WRFDVHVRILQWURGXFLQJ
QHZPRGHOV LW LV QHFHVVDU\ WR DGPLQLVWHU WKH LPSOHPHQWDWLRQRI WKH SURFHGXUH FDUHIXOO\PHDQLQJ WKDW UHLQIRUFHG
FRQFUHWHLVODLGLQWRVTXDUHJXWWHUVZKRVHGLPHQVLRQVQHHGWREHELJJHUWKDQWKHUHLQIRUFHGVWHHOE\DWOHDVWPP7KH
FRQQHFWLRQ WKDW LVHVWDEOLVKHGEHWZHHQUHLQIRUFHGVWHHODQGZRRGLVDGPLQLVWHUHGE\ILOOLQJ WKHJXWWHUVZLWKHSR[\
UHVLQ,QWKHSURFHVVRILQFRUSRUDWLQJUHLQIRUFHGVWHHOWKHSUHVVXUHVKRXOGEHEHWZHHQ03D
4.5. Reinforcing compregnated girders  
&RPSUHJQDWHG VWUXFWXUHV DUH XVHG GXH WR WKHLU TXDOLW\ PHFKDQLFDO FKDUDFWHULVWLFV LQGXVWULDO SURGXFWLRQ WKH
SRVVLELOLW\ WR XVH YDULRXV VKDSHV IOH[LELOLW\ DQG WKHLU DFFHSWDEOH UHVLVWDQFH WR FKHPLFDO LQIOXHQFHV 7KHLU EHDULQJ
FDSDFLW\ LVHQKDQFHGE\PHDQVRI LQWURGXFLQJUHLQIRUFHPHQW3RVLWLRQRI WKHPDLQUHLQIRUFHPHQWVWUXFWXUHDQG WKH
FURVVVHFWLRQDOUHLQIRUFHPHQWVWUXFWXUHLVJLYHQLQ)LJXUHE


)LJD'LDJUDPVVKRZLQJWKHGLVWULEXWLRQRIQRUPDOVWUHVVDQGWDQJHQWLDOVWUHVVLQUHODWLRQWRWKHH[SRVHGKROHVXUIDFHE6LQJOHDQGGRXEOH
UHLQIRUFHPHQWDFURVVVHFWLRQ
4.6. Composite structures  
,QDZLGHUVHQVHFRPSRVLWLRQLQJLVDFRQVWUXFWLYHXQLILFDWLRQDQGMRLQLQJRIWZRGLIIHUHQWFRQVWUXFWLRQPDWHULDOV
LQWRRQHV\VWHPRUDXQLTXHFRPSRVLWHJLUGHU0RUHVSHFLILFDOO\LWLVFRPSRVLWLRQLQJRIDVWHHOJLUGHUDQGDUHLQIRUFHG
FRQFUHWHSDQHORUZRRGHQJLUGHUVZLWKDUHLQIRUFHGSDQHOFRPSRVLWLRQLQJRIROGFRQFUHWHZLWKQHZHWF0RUHUHFHQWO\
WKLV FRQVWUXFWLRQ PHWKRG KDV EHHQ ZLGHO\ DFFHSWHG LQ FLYLO HQJLQHHULQJ IRU HFRQRPLF UHDVRQV DQG HIILFLHQF\
&RPSRVLWLRQLQJXVXDOO\LPSOLHVZKHQLWFRPHVWRFRQVWUXFWLRQDQGVWUXFWXUDOHOHPHQWVFRPELQLQJWZRPDWHULDOVRI
YDULRXVPHFKDQLFDOSURSHUWLHVLQWRRQHZKROH±WKHFRPSRVLWHJLUGHU$UHTXLUHGGLPHQVLRQRIWKHURRISDQHOLVG ±
FPDQGRIWKHLQWHUIORRUVWUXFWXUHG FP(DFKFRPSRVLWHV\VWHPFRPSULVHVRIWKHFRQVWUXFWLRQHOHPHQWVFRQFUHWH
RI WKH WHQVLRQHGSDQHO WKHPDLQJLUGHUDQG WKHMRLQWVHOHPHQWV± WKHVRFDOOHGGRZHOOHGMRLQWV7KHMRLQWV MRLQLQJ
1217 Amir Čaušević et al. /  Procedia Engineering  161 ( 2016 )  1211 – 1219 
UHLQIRUFHGFRQFUHWHSDQHOVZLWKVWHHORUZRRGHQJLUGHUVPD\EHGRQHZLWKRUZLWKRXWKDXQFKHVGHSHQGLQJRQVWDWLF
UHTXLUHPHQWVDQGWKHGHVLJQHGFRQVWUXFWLRQWHFKQRORJ\
7UDQVSDUHQWVWUXFWXUHVLQWKHIXQFWLRQRISURWHFWLRQDQGUHKDELOLWDWLRQRIIRUWLILFDWLRQV
3URWHFWLRQDQGUHKDELOLWDWLRQRIPHGLHYDOIRUWLILFDWLRQVLQWKHZD\WKDWWKHLUSDVWLVUHWULHYHGE\PHDQVRIDSSO\LQJ
WUDGLWLRQDO PDWHULDOV UHSUHVHQWV D VROLG JURXQG IRU PDLQWDLQLQJ RU UHVWRULQJ SDWWHUQV DQG YDOXHV RI WKH PRVW
UHSUHVHQWDWLYHV\PEROVRIWKHLUWLPHEDVHGRQZKLFKKLVWRULFDOSHULRGVWKDWIROORZHGOHIWWKHLURZQVSHFLILFIHDWXUHV
,Q WKH SURFHVV DSDUW IURP WLPH DQG ILQDQFLDO VXSSRUW LW LV QHFHVVDU\ WR SD\ SDUWLFXODU DWWHQWLRQ WR GHWDLOV LQ D
SURIHVVLRQDODQGFUHDWLYHZD\LQRUGHUWRSUHVHUYHWKHUHFRUGHGWUDFHVDQGOD\HUVRIWKHLUKLVWRU\,QWHJUDWLQJWUDQVSDUHQW
PDWHULDOV ODPLQDWHG DQG WHPSHUHG JODVV SOH[LJODV RU SHUIRUDWHG WUDSH]RLGDOPHWDO VKHHWV ILJXUH  VXSSRUWHG E\
HOHJDQW PHWDO VWUXFWXUHV DUH WRGD\ WKH PRVW FRPPRQO\ XVHG PHWKRGV RI UHYLWDOL]LQJ IRUWLILFDWLRQV 'XH WR WKHLU
FKDUDFWHULVWLFVDQGIHDWXUHVVXFKVWUXFWXUHVFRQWULEXWHWROLJKWQHVVZKLOHFOHDUO\HPSKDVL]LQJWKHGLIIHUHQFHVEHWZHHQ
WKHROGDQGWKHQHZZLWKRXWWDLQWLQJWKHLGHQWLW\DQGWKHFRQVWUXFWLRQ
VVSHFLILFIHDWXUHVWKHVKDSHVDQGOLQHVRIWKH
VWUXFWXUHIRXQGLQLWVRULJLQDOVKDSHDQGDPELHQFH$PRGHUQGHVLJQWUDQVSDUHQF\DQGOLJKWQHVVFRQWUROOHGLQWUXVLRQ
RIOLJKWDQGWKHLQWHQVLWLHVRIWKHUHIOHFWLRQVRIDEVWUDFWLPDJHVRIWKHQDWXUDOODQGVFDSHWKHRVFLOODWLQJHIIHFWVRIOLJKWV
DQGVKDGRZV±DOOFRQWULEXWHWRDIXQFWLRQDOTXDOLW\LQWKHUHYLWDOL]DWLRQSURFHGXUH2QHRIWKHH[DPSOHVRIKRZD
KHULWDJH VWUXFWXUH ZLWK D WUDQVSDUHQW URRI PDGH RI OLQHDU EHDULQJV  ILOLJUHH FDEOH FRQVWUXFWLRQ DQG VWUXFWXUDO
ODPLQDWHGJOD]LQJJODVVSDQHO[ODPLQDWHGZLWK39%IRLOKDVEHHQSURWHFWHGLVJLYHQLQ)LJ
$SSOLFDWLRQVRIDFOHDUGLVWLQFWLRQEHWZHHQROGDQGQHZVWUXFWXUHVDUHIRXQG LQFRPSOH[ WUDQVSDUHQWZDY\URRI
VWUXFWXUHVSODFHG DERYH WKH5RPDQ UXLQV LQ WKH(O0ROLQHWH$UFKDHRORJLFDO3DUN LQ&DUWDJHQD6SDLQ)LJ7KLV
VWUXFWXUH LV RI D VSHFLILF DHVWKHWLF DQG IXQFWLRQDO TXDOLW\ ZLWK SURPLQHQWO\ H[SUHVVHG GLIIHUHQFHV DQG LQWHUHVWLQJ
GLDORJXHVZLWKYDULRXVDUFKLWHFWXUDO VW\OHVRI WKLVKLVWRULFDO ORFDOLW\7KH WUDQVSDUHQW URRIVWUXFWXUHFRPSULVHVRID
ODWWLFHGVWUXFWXUHZLWKWUDQVSDUHQWSRO\FDUERQDWHHOHPHQWVFRPELQHGZLWKWKHRXWHUFDVLQJPDGHRISHUIRUDWHGVWHHO
SURILOHGWLQ7KHDLU\DQGZDY\JHRPHWU\RIWKHURRIOHDQVRQWRYHUWLFDOVWUXFWXUHHOHPHQWVJURXSVRIHOHJDQWVWHHO
SROHVRIPHGLXPVL]HGFURVVVHFWLRQVDQGGLIIHUHQWKHLJKWVSRVLWLRQHGLQVXFKDZD\WKDWWKH\ERUGHUZLWKWKHHGJHV
RIWKHSORWRIODQGLQFOXGLQJWKHWKUHHHOHPHQWVLQWKHLQWHULRU







D E F
)LJD3URWHFWLQJWKHFDVWOHUHPDLQVZLWKDWUDQVSDUHQWURRI&RYHULQJ7KH-XYDO&DVWOH5REHUW'DQ]1DWXUQV6RXWK7\URO6FKLWWLFK
6WDLE%DONRZ6FKXOHU6REHN*/$6%$8$7/$6%LUNKDXVHU%DVHO%RVWRQSE5RRIRI(O0ROLQHWH$UFKDHRORJLFDO3DUN
$PDQQ&DQRYDV0DXUL3DUTXH'HO0RQOLQHWH&DUWDJHQD0XUFLD6SDLQF7KHURRIVWUXFWXUHDERYH$EED\HGH6W0DXULFH6FKZHL]
>@

$QH[DPSOHRIDVXFFHVVIXODQGIXQFWLRQDOSURWHFWLRQLVIRXQGLQDUFKDHRORJLFDOH[FDYDWLRQVRIWKH$EEH\6DLQW
0DXULFHPRQDVWHU\LQ6ZLW]HUODQGZKLFKGDWHVEDFNWRWKHWKFHQWXU\WRJHWKHUZLWKVWUXFWXUHVGDWLQJEDFNWRV
7KH OLJKWPHWDO URRIVWUXFWXUHPDGHRISULPDU\DQGVHFRQGDU\,13HOHPHQWV LV VXSSRUWHGE\DQHWZRUNRIFDEOHV
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DQFKRUHGWRDVWHHSFOLII)LJ7KHURRIVWUXFWXUHVXSSRUWVDVHPLWUDQVSDUHQWURRIPDGHRIZDY\SRO\FDUERQDWHVKHHWV
FRYHUHGE\DPHWDOODWWLFHWRZKLFKSDUWVRIVWRQHKDYHEHHQDGGHGLQVRPHSODFHV7KHSHEEOHVKDYHEHHQGLVWULEXWHG
DORQJ WKH ODWWLFH VR DV WR FRXQWHUEDODQFH JXVKHV RIZLQG EXW DOVR WR ILOWHU OLJKW 7KH WUDQVSDUHQW URRI DFWV OLNH D
SURWHFWLYHOD\HUZKLFKIORDWVDQGOHWVGLIIXVHOLJKWWKURXJKWKXVFUHDWLQJDZDUPSHDFHIXODWPRVSKHUHRIFRQWHPSODWLRQ
DQGDSHUVRQDOL]HGGLDORJXHEHWZHHQWKHFOLIIVWKHZDOOVRIWKHH[LVWLQJPRQDVWHU\DQGWKHDUFKHRORJLFDOH[FDYDWLRQV
:HILQGVLPLODUH[DPSOHVRIUHYLWDOL]DWLRQLQQXPHURXVORFDWLRQVDQGHYHQLQPHGLHYDOIRUWLILFDWLRQVLQ%RVQLD
+HU]HJRYLQDVXFKDVLQWKHWRZQRI3RþLWHOMZKLFKUHIOHFWVWUDFHVRIERWK2ULHQWDODQG0HGLWHUUDQHDQ+HULWDJH)LJ
7KHWRZQLVORFDWHGRQDKLOODERYHWKH1HUHWYD5LYHUDQGOHDYHVWKHYLVLWRUDPD]HGE\EHDXWLIXOYLVWDVDQGVSHFLILF
LPSUHVVLRQVRIWKHODQGVFDSH%\LQWURGXFLQJPLQLPDOLQWHUYHQWLRQLQWKHIRUWLILFDWLRQ
VFRPSOH[UHYLWDOL]DWLRQ3DãLQD
WDELMDKDVEHHQJLYHQDQHZUROH±LWLVQRZDPXOWLIXQFWLRQDOFHQWUHIRUYDULRXVLQGRRUDQGRXWGRRUDFWLYLWLHVVXFKDV
RSHQDLUSHUIRUPDQFHVDQGH[KLELWLRQVWKHUHDUHOHFWXUHKDOOVDORRNRXWSODWHDXDFDIHHWF$PLU3ROLüDQDUFKLWHFW
KDVUHFRJQL]HGWKHLPSRUWDQFHRIWKHFRQWUDVWPHWKRGDQGEDVHGKLV

GHVLJQVWUDWHJ\RQWKHFRH[LVWHQFHRIROGDQG
QHZVWUXFWXUHV

>@
7KHFRQVWUXFWLRQRIWUDQVSDUHQWDUFKLWHFWXUDOVWUXFWXUHVLVPDGHRIODPLQDWHGWHPSHUHGJODVVSDUWLDOO\VXSSRUWHGE\
DVWHHOVWUXFWXUHWKHSULPDU\DQGVHFRQGDU\JLUGHUVDQGILQDOVWDJHORFNVPLWKHOHPHQWVDQGLVDWVSRWVOHDQLQJRQWR
WKHEDVWLRQZDOOVZLWK LQQHUVXSSRUW LQVLGHWKHEDVWLRQ7KHSRUWDEOH WUDQVSDUHQWVXUIDFHVDUHPDGHRI[PP
WHPSHUHG JODVV ZLWK WKH DQWLVOLGLQJ SULQW SDWWHUQ GHVLJQ LQ FRPELQDWLRQ ZLWK WHDNZRRG  PP WKLFN 7KH
FRQVWUXFWLRQRIWKHVWHHSWUDQVSDUHQWURRIDVZHOODVWKHSURWHFWLYHIHQFHLVPDGHRIVKHHWVRIODPLQDWHGWHPSHUHG
PPWKLFNJODVV

D

G

 


 


E

F

)LJD/D\RXWRIWKH3RþLWHOMIRUWUHVVDWWKHOHYHORIWKHHQWUDQFHWRWKHPDLQWRZHU±LWVROGHVWSDUW'åýHOLüEFG5HYLWDOL]DWLRQRI
3DãLQDWDELMD3RþLWHOM$UFKLWHFW$PLU3ROLüFROODERUDWRU'LMDQD%RMRYLü6WUXFWXUDOHQJLQHHU(QHVâDNRYLü&OLHQW*RYHUQPHQWRI
WKH)HGHUDWLRQRI%RVQLD+HU]HJRYLQD)HGHUDO0LQLVWU\RI(QYLURQPHQWDQG7RXULVP3KRWRV(OãD7XUNXãLü
&RQFOXVLRQV
7KHSURFHVVRIUHKDELOLWDWLQJVWUXFWXUHVKDVEHFRPHDWRSSULRULW\LVVXHHVSHFLDOO\LQWKHPRVWGHYHORSHGFRXQWULHV
DVDUHVXOWRIWKHQHHGWRLPSURYHWKHH[LVWLQJVWUXFWXUHDQGDGDSWLWWRQHZXWLOL]DWLRQFRQWH[WVZKLOHDWWKHVDPHWLPH
UHFRJQL]LQJ WKH LPSRUWDQFH RI SUHVHUYLQJ DUFKLWHFWXUDO KHULWDJH 7KH H[LVWLQJ VWUXFWXUHV KDYH EHHQ YLFWLPV RI
GHWHULRUDWLRQWKURXJKWLPHZKLFKUHVXOWVLQWKHLULQFDSDFLW\WRSHUIRUPIXQFWLRQVIRUZKLFKWKH\KDGEHHQGHVLJQHG
,QWKHSURFHVVDWWLPHVDQHHGHPHUJHVWRLPSURYHWKHH[LVWLQJVWUXFWXUHLQDFFRUGDQFHZLWKQHZUHTXLUHPHQWVLH
DGDSWDWLRQWRQHZIXQFWLRQV5HSDLUSURFHVVDFFRUGLQJWRWKLVRULJLQDOFRQFHSWLPSOLHVEULQJLQJWRWKHRULJLQDOVKDSH
VRPHRIWKHHOHPHQWV,QWKLVFDVHLW LVDZKROHVWUXFWXUHRURQHRILWVSDUWVRULQGLYLGXDOHOHPHQWVWKDWKDYHEHHQ
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GDPDJHGGXHWRVRPHXQIDYRXUDEOHFRQGLWLRQVZKLFKPDGHWKHLUIXQFWLRQTXHVWLRQDEOH$FWLQJDVDFRXQWHUSRLQWWR
WKHFKDQJHVFDXVHGE\IDVWWHFKQRORJLFDODGYDQFHPHQWVUHKDELOLWDWLRQRIKHULWDJHVWUXFWXUHVLVEHLQJFRQGXFWHGDVD
PHWKRGRIVXVWDLQDEOHGHYHORSPHQWDVZHOODVDQDFWRIFXOWXUHLWVHOI$ORFDOFRPPXQLW\PD\UHDSVLJQLILFDQWEHQHILW
LIWKHLPSRUWDQFHRISURMHFWVRQUHYLWDOL]DWLRQRIPHGLHYDOPRQXPHQWVLVUHFRJQL]HG
5HJDUGOHVVRIWKHFDXVHWKHVHULRXVO\GDPDJHGFRQVWUXFWLRQHOHPHQWVKDYHEHHQIRXQGLQWKHFRQGLWLRQRIERUGHUOLQH
EHDULQJFDSDFLW\DQGXVDELOLW\RUDUHFORVHWRWKDWFRQGLWLRQLIWKHQXPEHURIVXFKFURVVVHFWLRQVLVVXIILFLHQWIRUWKH
V\VWHPWREHFRQVLGHUHGDPHFKDQLVP6WDUWLQJZLWKVXFKDQDVVXPSWLRQLWLVQHFHVVDU\WRGXULQJWKHUHSDLUSURFHVV
SD\SDUWLFXODUDWWHQWLRQWRUHVLGXDOYROWDJHDQGWKHVL]HRIUHVLGXDOGHIRUPDWLRQVDVWKH\PD\DIIHFWWKHXVDELOLW\RI
VXFKHOHPHQWV,QVRPHH[DPLQDWLRQVRQFKHFNLQJWKHEHDULQJFDSDFLW\DQGSUHOLPLQDU\DVVHVVPHQWVLPSOLILHGPRGHOV
PDGHRQWKHEDVLVRIVLPSOHFRQGLWLRQVIRUVWDWLFEDODQFHDVZHOODVJUDSKLFDOPHWKRGVPD\EHXVHIXO
$IDUPRUHFKDOOHQJLQJDQGWRGD\HYHUPRUHSUHVHQWLVWKHWUHQGRILQWHJUDWLQJWUDQVSDUHQWVWUXFWXUHVLQWKHSURFHVV
RI KHULWDJH VWUXFWXUHV UHYLWDOL]DWLRQ 7HFKQLFDO IHDWXUHV DQG SURSHUWLHV RI WKH PDWHULDOV DV ZHOO DV WHFKQRORJLFDO
SURFHVVHVDOORZIRUPRUHSUHFLVHO\GHILQHGDQGTXDOLW\VROXWLRQVLQWKHSURFHVVRISURWHFWLRQDQGUHKDELOLWDWLRQ7R
LPSUHVVDILQJHUSULQWRIWKHSUHVHQWRIVRPHWKLQJQHZVRPHWKLQJGLIIHUHQWIURPWKHH[LVWLQJZKLFKGRHVQRWGLPLQLVK
RU GHYDOXHV ZKDW KDG EHHQ GLVFRYHUHG LV D SDWKZD\ OHDGLQJ WR D V\QWKHVLV RI WKH ROG DQG WKH QHZ 0HGLHYDO
IRUWLILFDWLRQVZLWKWKHLUQHZIXQFWLRQVDGDSWHGWRWKHSUHVHQWWLPHVDQGODQGVFDSHVDUHEHLQJUHYLYHGWRJHWKHUZLWKD
VHULHVRIUHSUHVVHGRUIRUJRWWHQKDELWVHPRWLRQVFXVWRPVRUPHPRULHV
$FNQRZOHGJHPHQWV
:HH[SUHVVRXUJUDWLWXGHWRDUFKLWHFW$PLU3ROLüIRUWKHGDWDDQGVNHWFKHVSURYLGHG
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